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Introduction
Temporomandibular disorders (TMDs) are commonly orofacial diseases produced by temporomandibular joint (TMJ) alteration. TMD worldwide prevalence varies between 7% and 84% of the population within an age range of 3 -74 years [1] and affects about 33% of patients in USA [2] [3] showing many similarities to musculoskeletal disorders of other parts of the body [4] . TMD prevalence varies from 2% in Turkish patients to 68% in young polish adults [5] . In Mexico, TMD prevalence is high (46.1% to 49.25%) affecting mainly young people (26.1%) and shows a 3:1 proportion in females. Woman has a higher risk of TMJ muscular tenderness or pain than males because of hormonal, behavioral or psychological differences [5] [6] .
TMJ is deteriorated with age, internal changes and trauma, causing pain and TMD. Its etiology includes alteration of the occlusal plane and generation of abnormal loads as prosthodontic and orthodontic treatments, bruxism and malocclusions [7] [8] . TMDs are group of intra-articular, periarticular and systemic heterogenic conditions, characterized by masticatory system dysfunction and pain [3] .
TMJ is formed by the mandibular condyle, the mandibular fossa in the temporal bone and the articular disc [7] [8] . The compressive, tensional and mechanical force resistance of the disc is correlated with the extracellular matrix (ECM) structural organization and its biochemical composition made mainly by type I collagen fibers, even in the mature and hypertrophic zones wherein is accompanied by type X collagen. The condylar cartilage has anisotropy under tension consistent with the primary anteroposterior motion of the condyle, suggesting that the cartilage fibrous zone is comparable with the TMJ disc fibrocartilage. Both the fibrous zone of the condylar cartilage and TMJ disc has circumferentially and anteroposteriorly aligned collagen fibers, producing an anisotropic tissue under tension and shear. The articular collagen is arranged in a tridimensional stable and resistant network to both tension and shear forces [9] . The chondrocyte response to mechanical compression involves ECM interactions. The mechanical load affects the cell metabolism, proliferation and differentiation, because it plays a key role in cell growth, adaptation, architecture and tissular regeneration [10] .
As is explained before, TMJ mechanical stress is a risk factor to develop degenerative pathologies, alterations in the occlusal plane generates abnormal loads. Because to this, here using an in vivo model of modified occlusal plane by unilateral occlusal interference or unilateral tooth wear, the microscopic changes in the chondrocyte and collagen distribution in TMJ and in the articular disc are studied.
Methods

Experimental Animals
The UASLP Ethics Committee approved all the experimental procedures. None of the specimens treated died of illness during study period. In the histological analysis made here not observe inflammation signs in any of the groups in the TMJ. Methodology is summarized in Figure 1 . Briefly, thirty adult male Wistar rats of 200 -250 g were used for the experimental work, they were maintained at 21˚C -23˚C during the experiment with a photoperiod of 12 h. Feed and water were provided ad libitum. The Wistar rats were provided by the animal center of the Universidad Autónoma de Aguascalientes, México.
Six groups of 5 animals were made. Two treatments were done: resin occlusal interference and unilateral tooth wear. For both treatments a control group of 5 animals were made respectively. Two times of evaluation were made at one and 15 days after each treatment. One day timepoint was chosen because early symptoms are presented after an occlusal interference and early histological changes are suspected to appear. For the clinical procedures the rats were anaesthetized with intraperitoneal injection of sodium pentobarbital (35 mg/kg body weight). The animals were euthanized at the end of each evaluation time using an overdose of intraperitoneal injection of sodium pentobarbital (60 mg/kg body weight).
After sacrifice, the obtained TMJ's were separated in left side (treatment side, TX) and right side (contralateral side, CL) as is described in tissue preparation. The animals did not show any behavioral changes, they continue eating at the same rate as the control and they did not display any signs on TMJ pain during the experimental time.
Experimental Unilateral Occlusal Disorder
As described before, two types of unilateral occlusal disorder were performed; resin occlusal interference and unilateral tooth wear (Figure 1 ) [11] [12] . The Resin unilateral occlusal interference (R group) was performed by making a small cavity with a high speed round bur #1, then the enamel and dentin surfaces were etched with 37% phosphoric acid (Prodensa R, México) for 20 seconds. The cavity was covered with the adhesive (TeEconom Ivoclar Vivadent, Asia). Finally, the cavity was filled with two layers of blue resin (Twinky Star, CE Voco, Germany); which was polymerized using a led curing light (Orisol, Miami, USA). One millimeter over the occlusal plane height verification was done with a graduated periodontal probe.
Unilateral tooth wear group (B group) was done by artificial mechanical devastation of superior left molars, using a high-speed diamond DR5 bur. The limit of the artificial mechanical devastation was until the cervical area (1 mm teeth bur down).
Tissue Preparation
Because to the shape of the articular disc, and in order to obtain sections extended properly, en bloc dissection was made. Also the condyles were analyzed because they are the most studied structure in OA and they were used to correlate the changes observed in this tissue with the articular disc.
Sixty TMJ blocks were obtained and histologically processed (n = 5). The decalcification and fixation of the tissue samples were done at the same time using a descaling and fixative solution (17% EDTA/10% Formalin). For decalcification the tissue samples were incubated with gently shaking during fifteen days in descaling and fixative solution.
The samples were divided in three groups: the control, unilateral tooth wear and unilateral resin occlusal interference groups. Dental treatments were done on the left side defining as treated side (TX) to this joint and the right side joint was defined as contralateral side (CL) (Figure 1) .
After decalcification/fixation, samples were processed to embed in paraffin and then were cut with microtome (Leica RM 2125RT). The 5 μm thick sections of TMJ in sagittal plane were cut and mounted in silanized-coated slides. For the analysis of articular disc and articular cartilage sections were divided in three parts, anterior, medial and posterior as describe as Zhang et al. [13] . The central section was selected for the analysis of each TMJ because this zone is the most affected in a biomechanical model.
H-E Staining
Histological methods were done according with the Armed Forces Institute of Pathology laboratory methods [14] . Deparaffinized tissues were submerged in hematoxylin during 2 minutes, after the slides were washed in distillated water for 1 minute. Immediately the slides were stained with Eosin for 2 minutes, and rinsed in distillated water during 5 minutes. Finally, the dehydration process was performed using three changes of one minute 96% alcohol followed by two changes of one minute with 100% alcohol and three changes of Xilol for one minute. The slides were mounted with Entellan (Merck Millipore, Darmstadt, Germany) to microscope observation (Leica, ICC50, Wetzlar, Germany).
Masson Trichrome Staining
Deparaffinized tissues were post fixated in Bouin solution during one hour at 56˚C. Then each slide was submerged in Ferric Hematoxylin solution during 15 minutes. After that, slides were stained with Biebrich Scarlet-Acid Fuchsin solution for 15 minutes. Then slides were incubated for fifteen minutes with Phosphotungstic Acid. Finally a Blue Anilin Staining procedure during 5 minutes was performed until bluish collagen fibers were observed. Between each stain washes with distillated water were performed. The dehydration was performed using three changes of one minute 96% alcohol followed by two changes of one minute with 100% alcohol and three changes of Xilol for one minute. The slides were mounted with Entellan (Merck Millipore, Darmstadt, Germany) to microscope observation (Leica, ICC50, Wetzlar, Germany).
Image Analysis
All the observations were made using a Leica DM1000 microscope (Wetzlar, Germany). Images were acquired with the Leica EC System (Wetzlar, Germany) at 20X (Trichromic Stain) and 100X (H-E) augmentation using LAS EZ (3.0 Software). Using Photoshop CS6 Adobe System LTD, USA/Software) articular disc and cartilage were divided sagittally in three equal parts: anterior, medial and posterior. For the analysis, only was evaluated the medial third of each section because to the form of the articular disc and also because that is the zone where the load is higher, as reported by Zhang [13] . The quantification of cells was made at the articular disc and for the superficial zone of articular cartilage, which are compound by fibrocartilage. The superficial zone was defined by the border between superficial and proliferative zones based on cell morphology and matrix composition. Nine images of each zone were evaluated. The quantification was made using 200 × 200 μm of the central area. To evaluate the thick of the articular disc and the superficial zone of articular cartilage nine images of each group were taken and three measures were done at central area, the average value obtained was used for statistical analysis.
All data was compared by one-way ANOVA. In all cases, p values less than 0.05 were considered statistically significant.
Image and Statistical Analysis for Collagen Quantification
Image analysis for trichrome stain was performed in order to quantify collagen and is summarized in Figure 2 . The Blue hue represents the collagen in the tissue. The collagen quantification was performed in 9 samples stained with Masson's Trichrome Stain using the Blue hue analysis of the images obtained by microscopy. The measurement of blue hue collagen was focus on the articular disc and the superficial zone of the condylar cartilage. The image analysis was performed using RGB (red, green and blue color) and HSV (Hue, saturation and value) color spaces. Each image obtained was divided by one template of 100 squares of 12.5 μm × 12.5 μm. A randomized sample of 20% approximately was taken from each image and statistically analyzed using R Software [15] . For the image analysis in R, JPEG and biOps libraries were used. The different blue hues were separated using the HSV color space in a tone range of 100 -200 in the H channel. This range allowed to detect bluish tonalities and to eliminate the rest of the colors presents in the image. Once that the blue tones were filtrated, the HSV color space was transformed to RGB space with the finality of evaluate only the blue canal. Values were three times obtained in the RGB space (0 -255 scale) for each treatment group. This method of blue tone image analysis allows us to obtain a great amount of data because is working at pixel level.
Statistical analysis was performed using R Software [15] . Collagen quantification was expressed in each group (n = 9) blue color hue in the RGB space in average +/− standard deviation, considering every special image selection pixels. Disc chondrocyte cell density and articular disc thickness were also average and standard deviation expressed for each group. All data was compared by one-way ANOVA and Tukey multi-comparison test method. In all cases, p values less than 0.05 were considered statistically significant.
Results
Articular Disc Cell Morphology
The articular disc in control group showed a normal composition of regular connective tissue and fibrocartilage. Also the morphology of chondrocytes was normal, oriented at the same direction that collagen fibers. Sometimes isolated or in a small cell cords arrangement. Cells showed rounded and big nuclei. There was high quantity of collagen fibers in the articular disc. In the experimental groups the articular disc presented similar cell morphology to the control group without signs of inflammation. However, an important finding was observed in the cell distribution in one cord cell arrangement along of articular disc (Figure 3 ).
Articular Cartilage Cell Morphology
In control groups the articular cartilage showed the five normal layers: fibrous or superficial, proliferative, intermediate, hypertrophic and calcified zones. The superficial layer was similar to articular disc with chondrocytes oriented in parallel and with normal structure. Collagen fibers also were organized as parallel fibers in anteroposterior direction (Figure 4) . In the experimental groups articular cartilage was observed without any morphological changes in the treated side but the chondrocyte morphology became flattened with big and flattened nuclei in some contralateral groups (1R-CL, 1W-CL, 15R-CL and 15W-CL). The chondrocyte and collagen arrangement became irregular and deteriorate after 15 days of treatment in treated and contralateral sides (1R-CL, 1W-CL, 15R-CL and 15W-CL) (Figure 4) .
Articular Disc and Articular Cartilage Cell Quantification
In articular disc the 1R-TX group showed a statistically significant but transitory increase (50%) in articular disc cell number comparing with the control (Figure 5(a) ). A statistically significant decrease (34% -46%) in cellularity was found in the experimental fifteen days groups (15R and 15W, both sides) when comparing with 1R-TX group (Figure 5(a) ).
At 1 day, articular cartilage in tooth wear group in both TMJ presented a significant cell number increase (50% -63%) in the superficial zone compared with control ( Figure 5(b) ). The 15R-TX and 15W-CL groups showed a significant cell density decrease (33% -42%) when compared with 1W-TX. Independently of the quantitative analysis of this zone, at the end on the fifteen days in experimental groups, cell free areas were founded, reflected that a chondrocyte rearrangement happened. Cell clusters, which leaved place for cell free zones were Figure 3 . Histological Analysis of Articular Disc (X100). TMJ articular disc sagittal sections stained with H-E. The groups were designed with a letter: Control group ("C"), unilateral resin occlusal interference ("R") and unilateral tooth wear group ("W"). Scale Bar, 10 m. The anterioposterior direction of the tissue is going from left to right. The cellular morphology in the experimental and control groups are similar. They showed a rounded nucleus (purple stained) with diminished cytoplasm (light pink around nuclei, marked with a black arrow). The collagen fibers (CF) are stained with intense pink, they constitute de major part of the articular disc tissue. The morphological analysis made with H&E stain, showed in control groups, chondrocytes arrangement as several cord cell groups in comparison with the experimental groups which showed an arrangement in one cord cell along of articular disc (yellow rectangle). observed ( Figure 5(b) ).
Articular Disc and Superficial Zone of Articular Cartilage Thickness Evaluation
The 15W-TX group presented a significant decrease (32%) in articular disc thickness in comparison to control group (Figure 6(a) ). The unilateral tooth wear group (both TMJ) in the two evaluation time and the fifteen day unilateral resin occlusal interference (15R, both sides) showed a significant decrease (30% -44%) in cell density when compared 1R-TX. Apparently articular disc thickness diminished with time after resin modified unilateral occlusal plane (Figure 6(a) ). An important thickness increase (31% -46%) in the superficial zone of articular cartilage was found in the one and fifteen day tooth wear groups (1W and 15W, both sides) and 15R-CL respect the control (Figure 6(b) ). The 15R-TX group showed thickness diminution (30%) compared with one day of unilateral tooth wear group (1W, both sides) and the 15W-CL groups. There is general a similarity in the changes produced by mechanical stress due to the unilateral modification of the occlusal plane. However in the occlusal interference group the changes were observed in either treated or contralateral side (Figure 6(b) ).
Articular Disc Collagen Quantification
Masson's Trichrome Stain shows with blue tones, the presence of collagen fibers (Figure 7) . The staining showed a diminution in the blue intensity in the experimental groups (Figure 7(b) ), also is observed that the articular disc diminished their thickness in the experimental groups. Some free cell zones were observed ( Figure  7(b) ), are marked by black arrows. The collagen quantification by RGB and HSV color spaces showed a decrease significantly (2% -13%) in almost all the experimental groups, except in the 1R-TX there was no changes (Figure 7(a) ). And in the 1R-CL the collagen quantity was significantly increased (2%) when comparing to control group. However the collagen quantity significantly diminished (13%) in the 1W-TX, 15W-CL, 15R-TX and 15R-CL groups compared with control (Figure 7(a) ). By these findings is observed that the modified unilateral occlusal plane can provoke collagen amount changes even in a short times.
Discussion
Any no-compensated maxillomandibular alteration that causes an articular overload as occlusal interference and bruxism provokes TMJ alteration; both types of biomechanical stress in vivo model used here stimulated these two frequent conditions in dental practice [3] . The occlusal unilateral interference model was performed because usually the clinic occlusal interference is unilateral. Although the clinic bruxism usually is bilateral, in order to make comparable our experimental results, unilateral tooth wear (simulating a bruxism) model was applied in this study. The evaluation times were 1 or 15 days post-treatment, because we were interested in estimating the changes presented at short time. We hypothesized that the tooth wear group would have greater articular changes when compared to the occlusal interference group. Here was also expected that the articular damage was more important in treated side comparing with contralateral side. However our findings show variable affection rate between treated and contralateral side at different time points and in-between groups. For that reason we rejected our hypothesis.
Wistar rats were choose as animal model, because their teeth not erupted continuously, and our results could be compared with other obtained in previous related studies that used the same model. In the model of modified occlusal plane in rabbit, expression changes produced by continuous masticatory functional loading were similar to osteoarthritis (OA). However, the rabbit teeth erupted continuously and provoked regression of the pre-altered occlusal plane over time [11] . In rat molars Sprague-Dawley, occlusal plane alteration, Zhang et al. observed degenerative changes in TMJ, as irregular array of chondrocytes, cell-free areas, increased synthesis of matrix metalloproteinases (MMPs), diminished chondrocyte proliferation, and subchondral bone loss [13] . Other dental occlusion modification studies did not show any articular cartilage modification when unilateral extractions or occlusal height were performed [12] [16] .
The articular disc is similar to articular meniscus that plays a main role in the load distribution at articular compartments and in the mechanical shock absorption function. Meniscal tear, non-traumatic degeneration, meniscal damage or dysfunction causes OA [17] - [19] . Similarly, our results in vivo model of unilateral occlusal plane impact are showed in the treatment after 15 days degenerative changes as chondrocytes flattened morphology and collagen irregular arrangement. The degenerative changes observed with unilateral tooth wear are similar to changes found with unilateral extractions [12] . Mechanical stress in the TMJ produces damage in the articular disc and collagen decreasing related with the time in the experimental groups.
The most abundant component of ECM in the articular disc is collagen to estimate the total quantity of this protein detected by Masson's trichrome stain, a new easy technique is performed, using 2 color spaces. Thus, a collagen decrease is found in almost all the experimental groups, except in the 1R-TX, which shows no change. The collagen quantity in 1R-CL shows significant increased when comparing to control group, as is found in early TMJ inflammation of Sprague-Dawley rat in which also is increased aggrecan and glycosaminoglycan [20] .
The collagen quantities decreased significantly in the unilateral tooth wear showed after 1 and 15 days, as well as happen in the resin occlusal interference group. In early knee OA provoked by mechanical stress similar changes are observed, where collagen type II concentration observed by quantitative PCR is decreased in superficial regions while in the deeper zones in reparation process showed an increasing in this kind of collagen [11] [21]. However, in our model more studies to determine the collagen types expressed are necessary. The groups were designed with a letter: Control group ("C"), unilateral resin occlusal interference ("R") and unilateral tooth wear group ("W"). Scale Bar 50 μm. The staining showed a diminution in the blue intensity in the experimental groups. The articular disc diminished their thickness in the experimental groups. The articular cartilage presented a superficial zone thickened. We observed some free cells zones (indicated with a black arrow) in the articular disc and in articular cartilage superficial zone, in this last the cells were in clusters.
The synthesis of MMPs is also related with collagen decreasing, because they are the enzymes that degrades this protein [13] [20] . When the balance between ECM synthesis and its degradation fails, the water content is increased, the proteoglycan and type II collagen diminishes and finally the collagen network weakens [22] . Homeostasis then is important to avoid these changes [11] , when the homeostasis of ECM production and chondrocyte proliferation fails OA is produced. The modified unilateral occlusal plane can provoke collagen amount changes even in short times, as our results showed. There are multiple regulatory pathways in chondrocytes that react to mechanical stimuli, including, signaling pathways and mechanisms that can directly lead to transcription, translation and postranslation changes, cell mediated extracellular organization and ECM degradation. The synovial joints can maintain intact load during normal life activities without develop OA. However, when the mechanical load exceeds the cartilage tolerance to repair and maintain itself; the cartilage damage plays an important role in development and progression of articular degeneration in different ways. An excessive surface contact stress can cause direct damage to articular cartilage and subchondral bone, and adversely alter the chondro-cyte function [22] . In our experiments, the number of chondrocytes in articular disc was the same as the control group, but clearly the metabolic stage of them was not enough to produce collagen, because was showed a less quantity of collagen, based in the blue hue of the Masson's Trichromic Stain, it could provoke decreased production of this protein.
The disorganization of collagen fibers in the superficial zone in articular cartilage produced by age is related to degenerative process. Our results showed articular cartilage surface parallel-organized collagen distribution in control groups whereas in condyle articular cartilage experimental groups, disorganization of collagen fibers was observed. In the knee meniscus, major changes have been observed with patient age increase when using Safranin O, showing a cell density diminution, mucoid degeneration and loss of collagen fiber organization [17] , more studies at molecular level are necessary to show this kind of changes in our model.
The articular cartilage in the unilateral tooth wear group at 1 day of evaluation, a significantly increased number of chondrocytes at the superficial zone was observed, while the 15 days unilateral tooth wear group remain as the control. The 50% increase in cell number in the 1R-TX of the articular disc perhaps is due to changes to the tissue structure that would result in more cells in the central region. The cellular clusters are a characteristic of early reparation in the different layers of OA articular cartilage, where the chondrocyte mechanical stressed modified their ECM production [14] . Here, experimental groups showed cellular clusters as cord cells groups and cell-free areas in articular fibrocartilage and changes in the changes in the amount of matrix components. The mechanical stress on TMJ produced some scattered cell-free areas in articular cartilage, similar to degenerative changes or early OA-like lesions at 12 weeks after occlusal plane alteration [13] [23] [24] . The cellular clusters can adopt a different distribution from the typical OA accumulations. Pauli et al. induced a knee OA model and studied the knee menisci in which they noted a decrease in cell density, mucoid degeneration associated with some loss of collagen fiber organization and presence of cell aggregates. Although not resembling the typical OA cell clusters, which indicated a local fibro-chondrocyte proliferation or pseudo-cloning. The appearance of these clusters was as cellular alignments [17] . Our results suggest that mechanical stressed TMJ articular disc present the same phenomenon, showing cell distribution in one cord cell arrangement along of articular disc.
In the articular disc also was observed a marked diminution in the thickness in the 15W-TX compared with control group, instead the other groups that showed any differences. Unilateral tooth wear is an intense mechanical stress compared with occlusal interference because was produced an imbalance of the occlusal plane, and that is the reason for this change at 15 days post-treatment. When the articular cartilage thickness was analyzed in the resin occlusal interference group at 1 and 15 days any changes was observed, except for 15R-CL group, which their thickness increased significantly respect the control, this seems be related with the significant increased of collagen that this group also present, as Wang et al. observed, they related these changes with a hypertrophic response to mechanical stress [20] . Also unilateral tooth wear group in both evaluation times showed a significantly rise of thickness when was compared with control. Stimulated bruxism produces a high-speed modification in the thickness of the articular cartilage, showing the importance of relation of the occlusal plane with the TMJ. Yoshikawa et al. observed with experiment of occlusal plane alteration in articular cartilage at 3 day after treatment a thinning structure, they also observed cell cluster formation, as is showed in our results, they found that after 1 week this thinning disappear, then after 2 weeks of treatment they observed an increased thickness [11] .
Is important for the dentist identify occlusal disorders in their patients in order to establish an immediately treatment ranging from self-care conservative treatment to surgical treatment when needed. In this study were observed degenerative changes in short term, so the treatment in time can prevent degenerative pathologies [13] .
There are numerous studies that evaluate the superficial zone articular cartilage chondrocyte damage in the TMD which ones had proved to have a main role in the OA development [13] [25] .
Modified unilateral occlusal plane at 1 and 15 days after treatment provoked a decreased collagen quantity and tissue thickness decreasing in articular disc. This was correlated with the articular cartilage degenerative changes in their TMJ. The mechanical stress induced an arrangement in cord cells in both occlusal interference or unilateral tooth wear. The unilateral tooth wear produced similar changes that found with unilateral extractions. The HSV and RGB color spaces analysis represent a new semi-quantitative method to quantify collagen when thricrome stain is used. Finally, the modified unilateral occlusal plane can induce morphological and structural changes in both articular cartilage and articular disc and they can act as an initial inductor of developing degenerative pathology.
